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Circuit Arrangement for operating at least one Light- 
Emitting Diode 



The invention relates to a circuit arrangement for 
operating at least one light-emitting diode according to 
the preamble of patent claim 1. 



Light-emitting diodes have typical forward voltages of 1.5 
to 3.5 Volt. For being able to operate light-emitting 
diodes in electrical circuits with a greater service 
voltage, the light-emitting diodes must be protected 
against too high flowing currents. This protection can be 
performed in easy manner by semi-conductor components or 
15 resistances connected in series, which, however, may result 
in high power losses. Without high power losses, light- 
emitting diodes can be operated in electrical circuits with 
greater service voltages, by clocked inductances limiting 
the diode current. Clocked inductances of this type, 
20 however, require high circuit complexity and, therefore, 
are a complex and costly alternative. 



For supplying the light-emitting diode with a corresponding 
service voltage, use of a PWM-cpntrol is known, as a rule 
with interposing smoothing elements, such as capacitors, as 
is outlined in Fig. 1 and is known, for example, from DE 
100 13 207 or DE 41 41 059. 



A number of circuit arrangements is known for operation 
with a 230-volt a.c. voltage, in which the light-emitting 
diode is supplied each with the correct phase via a full- 
wave rectifier circuit (cp. DE 23 04 620, JP 08137429, DE 
200 02 482 Ul, DE 100 54 212 Al . 
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As, however, in particular for use in automotive supply 
systems also short-circuits cannot be excluded, a circuit 
arrangement for operating at least one light-emitting diode 
according to the preamble of patent claim 1 shall be 
^ indicated, which enables the reliable and durable operation 
of the light-emitting diode also with short-circuits and 
which can also be manufactured at low costs. 

The object is achieved in accordance with the invention by 
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the features of patent claim 1. 

The full-wave rectifier circuit at the output of the LED 
driver circuit and the symmetrical construction of the 
15 reactances combined with the additional switching means 
enable operation also for the case of a short-circuit at 
the LED single-ended or with service voltage. 

For level adaptation, the pulse-width modulated signal is 
20 connected to the basis of a level transistor of the circuit 
arrangement, of which the collector is connected to ground 
and its emitter is connected to the service voltage as well 
as to the bases of a first White's emitter follower for the 
purpose of current amplification. The first White's emitter 

25 

follower is substantially composed of a first NPN 
transistor and a first PNP transistor, the emitter of the 
first NPN transistor being connected to the emitter of the 
first PNP transistor and to the first resistance. Moreover, 

2Q the collector of the first NPN transistor is connected to 
the service voltage of the circuit arrangement. The 
collector of the first PNP transistor is connected to the 
ground of the electrical circuit. Together with the first 
capacitance the first resistance forms the reactance 

35 limiting the current flow through the light -emit ting diode. 
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Between the first capacitance and the at least one light- 
emitting diode a protective circuit is formed, which blocks 
a current flow to the ground. 
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In an advantageous further development of the invention it 
is provided that for limiting the rise times of the signal 
modulated in pulse-width and amplified in current a second 
White's emitter follower from a second NPN transistor and a 
second PNP transistor is connected between the first 
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resistance and via a second resistance to the emitter of 
the first White's emitter follower. In this connection 
between the second resistance and the bases of the second 
White's emitter follower a second capacitor is connected to 
1 5 ground . 

In the next further development of the invention it is 
provided that the level transistor and/or the first NPN 
transistor and/or the first PNP transistor and/or the 
20 second NPN transistor and/or the second PNP transistor are 
embodied as metal-oxide field-effect transistors FET. 

Operation and triggering of the at least one light-emitting 
diode by means of pulse-width modulation is possible in 
accordance with the invention with balanced as well as 
asymmetrical electrical circuits. With an asymmetrically 
designed circuit arrangement the ground lies at zero volt. 
With a symmetrically designed circuit arrangement the 
ground comprises the negative value of the service voltage. 

By means of the circuit arrangement designed in this way 
operation of the at least one light-emitting diode is 
possible in electrical circuits with substantially greater 
35 service voltages without the at least one light-emitting 
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diode being degraded. In this way, the circuit arrangement 
can be manufactured at low cost. 

In the following the circuit arrangement according to the 
^ invention for operating the at least one light-emitting 
diode shall be described on the basis of an example of 
embodiment taken in conjunction with two drawings. 

Fig: 1 shows a view of the circuit arrangement of level 
adaptation, current amplifier, reactance and a protective 
circuit according to the state of art formed as a 
protective diode, 

15 Fig. 2 shows a view of the circuit arrangement of level 
adaptation, current amplifier, reactance, a circuit for 
limiting the rise times of the pulse-width modulated signal 
and a protective circuit formed as a full-wave rectifier 
circuit, 

20 

Fig. 3 shows a general operating principle in case of a 
short-circuit. 

Modern vehicles comprise a service voltage of 12 to 42 
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volt. For example, with switches or displays advantageously 
one or two light -emit ting diodes are used as a luminous 
means, which have a forward voltage of about 2.5 volt. To 
enable operation of the light-emitting diodes in electric 
2Q currents of e.g. 42 volt, circuit arrangements are used, in 
which the current for the light -emit ting diode is limited 
by a reactance, which is formed by a resistance and a 
capacitor . 

35 In Fig. 1 a simply formed circuit arrangement of this type 
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according to the state of art is shown for one single 
light -emit ting diode LED. Adjustment of the current flowing 
through the light-emitting diode LED is performed by means 
of pulse-width modulation. For level adjustment the pulse- 
^ width modulated signal PWM is connected to the basis of a 
level transistor TO, of which the collector is connected to 
the ground GND and its emitter to the service voltage UB as 
well as with the bases of the first White's emitter 
follower. The first White's emitter follower serves for 
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current amplification and for impedance conversion, resp. , 
and is substantially composed of a first NPN transistor Tl 
and a first PNP transistor T2 . The emitter of the first NPN 
transistor Tl is connected to the emitter of the first PNP 

15 transistor T2 and to the first resistance Rl . Moreover, the 
collector of the first NPN transistor Tl is connected to 
the service voltage UB of the circuit arrangement. The 
collector of the first PNP transistor T2 is connected to 
the ground GND. Together with the first capacitance CI the 

20 first resistance Rl forms the reactance limiting the 

current flow through the light-emitting diode LED. As a 
protective circuit a protective diode Dl is formed between 
the first capacitance CI and the light-emitting diode LED, 
which protective diode Dl blocks the current flow to the 
ground GND. 



In Fig. 2 a protective circuit according to the invention 
is shown, which also comprises the level transistor TO for 
level adaptation and the first White's emitter follower for 
current amplification and impedance conversion, resp. 
Additionally, for limiting the rise times of the pulse- 
width modulated signal PWM a second White's emitter 
follower from a second NPN transistor T3 and a second PNP 
35 transistor T4 is connected between the first resistance Rl 
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and via a second resistance RO to the emitter of the first 
White's emitter follower. In this connection, between the 
third resistance RO and the bases of the second White's 
emitter follower a third capacitor CO is connected to the 
ground GND. Metal-oxide field-effect transistors are used 
as transistors for the first and the second White's emitter 
follower . 



^ ^ As a full-wave rectifier circuit the protective circuit is 
10 

formed of a first diode Dl, the second diode 1)2, the third 
diode D3 and the fourth diode D4 . Here, the first diode Dl 
is connected in forward direction to the positive terminal 
Uled+ of the light-emitting diode LED and to the second diode 

15 D2 . The second diode D2 is connected in the inverse 

direction to the ground GND and to the third diode D3 . The 
third diode D3 is connected in the inverse direction to the 
negative terminal Uled- of the light-emitting diode LED and 
to the fourth diode D4 . The fourth diode D4 is connected in 

2 0 forward direction to the first diode Dl and to the first 
capacitor CI. In this connection between the full-wave 
rectifier circuit and the connection to ground of the 
collector of the second PNP transistor T4 of the second 
White's emitter follower a further reactance of the second 
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resistance R2 and the second capacitor C2 is arranged. 

Basically, the circuit can also be composed of other 
switching means, such as e.g. all-field-effect transistors 
2Q or the like. 

The circuit arrangements shown in Figs. 1 and 2 are 
designed asymmetrically , the service voltage UB being 42 
volt and the ground GND comprising a voltage of zero volt. 
35 The circuit arrangements could also be designed 
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syinmetrically , the two connections switching in anti-phase 
between the service voltage UB and the ground GND. By this 
arrangement the current in the light-emitting diode LED can 
be kept constant over a greater service voltage range. 
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By the circuit arrangement embodied this way, operation of 
the light-emitting diode LED is possible with the 
substantially greater service voltages UB, e.g. of 42 volt, 
without the light -emit ting diode LED being degraded. 

The short-circuit strength of the circuit is to be 
explained in short on the basis of the following Fig. 3. 

15 If a short-circuit is considered at the positive terminal 
Uled+ of the light-emitting diode LED towards the service 
voltage UB, as is outlined in Fig. 3, the second reactance 
C2/R2 is charged at first directly via the diode D3 to the 
service voltage and the diode D3 subsequently blocks this 

20 branch. Triggering is now performed merely via the first 
reactance CI, Rl, which with an open upper switching means 
SI and a closed switching means 32 charges from the short- 
circuit of the positive terminal of the LED via the diode 
D2 towards ground, the course of the charging current 1 

25 

being drafted in Fig. 3. 

If in the next cycle the switching means S2 is opened and 
SI is closed, based on the charged CI, as is drafted in 

2Q Fig. 4, a voltage (UB+Uc) appears at the anode of Dl above 
the service voltage, as the service voltage UB and the 
charge stored in the capacitor CI superimpose. By means of 
this the diode Dl becomes conductive and CI can discharge 
in the short-circuit. Due to this discharge, CI can 

35 recharge with the re-closing of S2 and with an opened SI. 
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As the clock frequency of the PWM as a rule is chosen to be 
beyond the frequency region recognizable by the human eye, 
the phases of extinguishing of the LED are virtually not 
distinguishable . 
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If the short-circuit is considered at service voltage at 
the negative terminal Uled- of the LED, C2 in turn is charged 
to UB and blocks subsequently. If S2 is closed, CI can 
charge from the short-circuit via D2 towards ground and 
releases this charge back to the short-circuit after 
opening of S2 and closing of SI via Dl and the LED. 

A short-circuit on ground at the negative terminal Uled- of 
15 the LED results in that in both operating phases the 
current flows via CI and Dl and in that D3 is blocked. 



A short-circuit on ground at the positive terminal results 
with a closed SI in charging of CI via Dl towards the 
20 short-circuit ground. Now, if SI is opened and S2 is 

closed, this results in a current flow from the negative 
terminal of CI via D2 and the LED into the ground short- 
circuit . 



